Most present day seismic migration schemes determine only the zero-offset reflection coefficient for each grid point (depth point) in the subsurface. In matrix notation, the zero&set reflection coefficient is found on the diagonal of a reflectivity matrix operator that transforms the illuminating source-wave field into a reflected-wave field. However, angle dependent reflectivity information is contained in the full reflectivity matrix.
Resnick et al. (1987) discuss the fact that dips introduce
serious problems for AVO analysis. They conclude that performing prestack migration on the data before doing AVO analysis is a necessity. In this paper the prestack migration itself yields angledependent reflectivity directly from the surface data. The method described in this paper forms part of the Delft approach to the inversion of elastic data (Berkhout and Wapenaar, 1988 Prestack migration, yielding angle-dependent P-P, S-P, P-S, and S-S reflectivity (this paper); Elastic inversion, yielding the detailed medium parameters (p, cp, c,) (De Haas and ; Lithologic inversion, yielding rock and pore parameters (Lortzer and Berkhout, 1989 ).
This step-wise approach is a powerful alternative to linear and nonlinear inversion schemes, as proposed for instance by Tarantola (1986) , which aim at resolving the detailed medium parameters directly from the (multicomponent) seismic data. 
I (I)
Here S+(Q) describes one frequency component of the downgoing source wave field at za. Vector P-(za) represents one frequency component of the acoustic pressure of all upgoing reflected wave fields, arriving back at the surface Q. Matrices W' (zi, zO) and \_?i (.Q, Zi) describe the propagation of the downgoing source wave field and the upgoing reflected wave fields, respectively. A schematic illustration of this equation is shown in Figure 2 . It contains the essentials of any echo acoustic technique: illumination, reflection, back propagation and detection. Wapenaar and Berkhout (1989) show that a similar forward model is valid for elastic three-dimensional (3-D) multicomponent seismic data after decomposition and surface multiple elimination. We will come back to this in one of the examples. For the moment, however, we restrict ourselves to the 2-D acoustic situation. Reflectivity matrix R(z;) defines the relationship between the downward and upward traveling wave fields at zi. The determination of matrix R is generally complicated for a given subsurface model. Therefore, often R is taken as a diagonal matrix. The inhomogeneities at ii are thus considered to be "locally reacting," i.e., one point of the incident wave field contributes to one point of the reflected wave field at the same lateral position. Note that in this case the rows of R(z;) contain only one nonzero sample.
Ideally, one sample of the reflected wave field Pm(xj, z;, O) at the reflector is defined as a spatially weighted average of the total incident wave field 5+(x-. Zi, w) at the reflector, according to 
where the tilde denotes the wavenumber (k,) domain. In order to obtain an expression for R (k,, zi, w), we start with the well-known angle-dependent reflection coefficient R(zi; IX) for two acoustic half-spaces separated by an interface at zi: The locally reacting assumption is equivalent to assuming angle-independent reflectivity.
The assumption of angle-independent reflectivity in the general practice of seismic migration is only justified in the situation of small emergence angles (and in the case just described). For larger angles, however, the locally reacting assumption is no longer justified and angle-dependent reflectivity must be considered. In this case matrix @ will have a band structure and the reflection function will show angle dependency, as seen in Figure 4b . Therefore prestack migration should ideally resolve the full matrix g rather than just the diagonal elements. 
w where only the diagonal elements of (IX(zk)) are selected. (Keep in mind that summing over all frequency components is equivalent to inverse Fourier transforming and selecting the zero-time component.) These diagonal elements represent the average reflectivity at depth level zk. Our aim, however, is to resolve angle-dependent reflectivity from the full reflectivity matrix.
OBTAINING ANGLE-DEPENDENT REFLECTIVITY
In the practice of seismic migration, only the diagonal elements of matrix I$&) used to be resolved. As argued in a previous section, to obtain angle-dependent reflectivity information the full matrix IJ(zk) has to be computed. In the following we restrict ourselves to interpreting thejth row of the reflectivity matrix IX(zr) [see also equation (2)]. This is the reflectivity convolution operator Rj(xj -x, zk, w). The spatial Fourier transform of Rj(x, zk, W) defines the angledependent reflection function kj(k,, zk, o) for depth point (xj, Q). In the broad-band case the imaging step must be taken into account. Therefore another imaging operator will be defined based on the fact that the reflection functions must be summed along lines of constant angle in the k, -o procedure is repeated for each extrapolation depth level. domain, that is, along lines of constant ray parameter yielding a p -z panel for each lateral position. cerned. The imaging step according to equation (11) yields a distorted result in which we are not able to detect the true angle-dependent reflectivity any more (Figure 7b ). However, if we first apply the mapping procedure as described by equation (13), the reflectivity information related to each angle of incidence CL is preserved on lines of constant p. The mapped results are shown in Figure 7c . In the rayparameterfrequency domain we can now add all frequency contributions, according to equation (14), without losing angle dependent reflectivity information (see Figure 7d) . Note that we immediately applied the angle-dependent reflectivity imaging at the reflector depth. Normally the migration will be carried out recursively through the subsurface with small~depth steps. Per !aterai~position we get a pz panel as is shown in Figure 8 . By amplitude picking along the event, the angle-dependent reflection coefficient is obtained (Figure 7d ). For this example, for both precritical reflection and for postcritical reflection, angle-dependent reflectivity can be retrieved from surface data (shown in Figure 5b ) by prestack migration. 
ANGLE-DEPENDENT

Multilayered acoustic subsurface model
The configuration is depicted in Figure 10a . We first consider the noise-free situation. The x -t registration at the surface is shown in Figure lob In our next example we consider the same acoustic model but noise added to the input data. The signal-to-noise ratio (SNR) is 15 dB. (The SNR is defined as the logarithm of the ratio of the maximum in the signal spectrum and the root mean square of the noise spectrum.) The noise amplitude distribution is Gaussian and the spectrum is white. The data set with this noise is shown in Figure 13 . Note that the response from the deepest reflector can hardly be seen any longer.
In Figure 14 the angle-dependent reflectivity results, retrieved by prestack migration from these noisy data, are displayed. The effect of the noise can be clearly discerned 0. The real Earth' s subsurface contains solid rock layers, in which bath compressional and shear (S or transversal) waves may exist. The acoustic approximation has proven to be acceptable for data without large offsets. Wave conversions (P + S; S + P) can be neglected for small angles of incidence. In our research we are also interested in wideangle reflectivity information contained by large-offset data; therefore. the effect of wave conversions cannot be neglected any longer. Hence, retrieving the elastic angledependent reflectivity characteristic is more refined than the tained by fully independently migrating the P-P and SV -SV responses. So the developed imaging technique has performed quite well for this full elastic subsurface model also.
CONCLUSIONS
Multiexperiment, multioffset seismic data contain information on the angle-dependent properties of the reflectivity of the subsurface. Moreover, multicomponent seismic data contain information on the angle-dependent behavior of the reflectivity for different wave types. In spite of this wealth of information in the seismic data, current seismic migration schemes aim at nothing more than representing the Earth' s subsurface by one average reflection coefficient per depth point. Berkhout and Wapenaar (1988) have proposed a new step-wise seismic processing scheme which takes full advantage of the angle-dependent reflectivity information present in the seismic data (Figure 1) . The central step in this scheme is prestack migration of well-separated P-P, P-S, S-P, and S-S responses, aiming at determining the angle-dependent P-P, P-S, S-P, and S-S reflectivities per depth point.
We have discussed the principle of imaging angle-dependent reflectivity from surface data by prestack migration. We have shown that it is possible to retrieve the angle-dependent reflectivity Rp.p(~. z; a) and Rsv_sv(x, z; a). Once these functions are found, it is in principle possible to determine the detailed density and P-and S-wave velocities in a subsequent inversion step. With some simple examples we have demonstrated the validity of our approach for I-D media. Both in the acoustic and the elastic cases, the results are very promising. We expect that imaging angle-dependent reflectivity is going to play an important role in AVO techniques.
